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I.  SOLID  STATE  DEVICE  RESEARCH 


Laser  action  has  been  observed  at  12  ®K  in  diodes  of  PbTe  whicli  had  been  prepared  by 
diffusing  lead  into  appropriately  annealed  p-type  material.  Tlie  emitted  coherent  radiation  was 
at  6.5  microns  as  compared  to  5.2  microns  from  InSb  diodes,  the  longest  wavelength  semiconductor 
laser  previously  re})orted.  F"or  a  diode  with  a  cavity  length  of  0.62  mm,  mode  structure  has 
been  observed  in  the  spectrum  of  the  output  radiation  with  a  spacing  between  maxima  of  67  A; 
this  should  be  compared  to  a  value  of  59  A  calculated  using  the  room-temperature  value  of  5.75 
for  tlie  refractive  index  and  neglecting  the  dispersion  term.  The  width  of  the  individual  modes 
is  less  than  the  20 -A  resolution  of  the  spectrometer  used.  Lead  telluride,  a  IV -VI  compound, 
is  a  direct-gap  semiconductor  and  has  its  hand  extrema  at  the  edge  of  the  l^rillouin  zone  in  the 
direction  (L-point),  rather  than  at  k  =  0  as  in  the  111-V  laser  compounds.  Thus,  in 
addition  to  extending  the  wavelength  range  of  semiconductor  lasers  to  6.5  microns,  we  have 
demonstrated  that  laser  action  is  not  restricted  to  lll-V  compounds  and  may  be  associated  with 
direct  transitions  other  than  tliose  at  k  =  0.  The  range  of  semiconductor  materials  in  which 
laser  action  should  be  possible  has  been  further  expanded. 

Interface -alloy  junctions  between  In  As  and  GaSb  have  been  studied.  In  particular,  results 
have  been  obtained  for  junctions  formed  between  an  A  (ill)  face  of  n-GaSb  and  a  face  of 

p-lnAs  under  an  inert  gas  pressure  of  80  atmospheres.  Visual  microscopic  inspection  and  elec- 
tron  beam  microprobing  indicate  that  the  junction  itself  is  single  crystal  and  the  transition  region 
is  approximately  5  microns  wide.  The  heterojunctions  when  forward  biased  emit  considerable 
I’adiation  al  0.4  ev  (the*  forbidden  energy  gap  of  InAs)  and  a  very  much  smaller  amount  of 
radiation  at  0.8  ev  (the  forbidden  energy  gap  of  GaSb).  The  GaSb  acts  as  a  transparent  substrate 
for  the  0.4-ev  radiation.  4'he  photovoltaic  response  of  these  heterojunctions  has  been  investigated 
as  a  function  of  the  energy  of  the  incident  photons.  A  small  relatively  constant  response  is 
seen  for  photon  energies  between  that  of  the  two  bandgaps  and  an  abrupt  increase  in  photovoltagc? 
is  observed  as  the  photon  energy^  reaches  the  bandgap  of  GaSb.  These  electro-optical  results 
suggest  a  band  model  in  which  there  is  a  barrier  in  the  conduction  band  at  the  heterojunction 
interface.  Such  a  barrier  could  be  produced  by  a  plane  of  dislocations  in  a  graded  hcterojunction 
and  is  also  predicted  by  the  Anderson  model  for  an  abrupt  hcterojunction,  in  which  case  the 
barrier  is  caused  by  the  bandgap  discontinuity. 

In  the  vapor  growth  of  (Ga^ln^_^)As  single  crystals,  it  has  been  found  that  2.75  aton:uc 
percent  indium  produces  material  that  lases  at  77  ®K  at  a  wavelength  of  8700  .A  which  is  (juite 
close  to  the  pumping  band  of  the  Nd^^  paramagnetic  ion  laser.  Work  is  in  progress  to  grow 
liigh -quality  crystals  of  this  mixture  and  decrease  the  threshold  current  density  from  its  present 
value  at  77  ®K  of  10,000  amp/cm^. 

The  spectrum  of  the  instability  in  the  current  through  samples  of  n-GaAs  at  high  electric 
fields  —  the  Gunn  effect  —  is  affected  by  the  value  of  impedance  used  to  terminate  the  sample. 


1 


For  high  termination  impedance  the  spectrum  is  very  broad.  As  the  impedance  is  lowered,  a 
narrow  peak  begins  to  appear  in  the  spectrum  at  f  =  v^/L  and  also  at  f  =  2v^/L.  As  the  imped¬ 
ance  is  further  lowered,  the  power  in  the  broad-band  noise  decreases  and  the  peak  at  f  =  v^/l^ 
increases  in  amplitude  with  a  bandwidth  that  is  apparently  limited  by  the  length  of  the  voltage 
pulse  applied  to  the  sample.  Magnetic  effects  on  the  instability  have  been  more  carefully 
investigated.  Neither  longitudinal  nor  transverse  magnetic  fields  have  any  effect  on  the  thresh¬ 
old.  Above  threshold,  the  amplitude  of  the  instability  is  reduced  considerably  by  a  transverse 
field,  and  to  a  lesser  extent  by  a  longitudinal  field,  with  the  longitudinal  effect  possibly  due  to 
misorientation  of  the  sample.  The  critical  electron  drift  velocity  corresponding  to  the  threshold 
is  higher  at  77°  than  at  300  °K,  contrary  to  what  might  be  expected  for  most  plasma  effects  in 
which  there  is  competition  between  drift  and  thermal  velocities. 


11.  LASER  RESEARCH 

Stimulated  Raman  emission  in  nitrobenzene  at  90  °  to  the  ruby  laser  beam  has  been  obtained. 
This  is  the  first  step  toward  constructing  a  Raman  laser  which  is  pumped  by  an  array  of  ruby 
lasers  at  90  °  to  the  Stokes  beam  and  provides  further  support  fer  certain  theoretical  models  of 
the  Raman  laser  action.  The  previously  described  cylindrical  focusing  of  the  ruby  beam  into  a 
Fabry-Perot  cavity  was  used.^  Spectral  analysis  of  the  90°  Stokes  emission  indicates  that  more 
than  four  axial  modes  and  a  continuum  of  transverse  (or  walk-off)  modes  are  oscillating  in  the 
Raman  cavity.  The  beam  divergence  is  about  2  mrad,  the  amount  expected  for  the  small  cavity 
that  was  used.  There  are  strong  indications  that  a  stimulated  Brillouin-shifted  Stokes  emission 
exists  at  90°.  Estimates  of  the  single-pass  gain  at  90°  are  close  to  previous  estimates  of  the 
gain  at  0  °. 

Stimulated  Raman  emission  in  bromoform  occurs  in  a  wide  spectrum  of  combination  Stokes 
and  anti-Stokes  lines.  The  data  on  frequency  shifts  and  emission  angles  agree  with  calculations. 

Laser  properties  of  grown  single  crystals  of  CeF,  and  the  transfer  of  lattice  energy  which 

+  3  ^ 

leads  to  stimulated  emission  from  CeF^iNd  have  been  investigated.  CeF^  is  an  interesting 
laser  host  because  of  a  direct  energy  transfer  from  the  lattice  to  the  rare-earth  ion,  radiative 
energy  transfer  due  to  the  intense  fluorescence  (cF^f)  of  Ce^^,  and  the  rapid  depopulation  of  the 
terminal  laser  state  within  the  F.^^^  lattice  absorption.  This  absorption  can  also  be  used  to 
modulate  the  laser  output. 

Laser-created  gaseous  breakdown  of  air  and  argon  has  been  studied  by  means  of  emission 
spectra,  frame  and  streak  photographs,  and  magnetic  field  and  pressure  effects.  The  spark 
temperature  is  estimated  from  the  spectral  continuum  to  be  about  7000  °K.  The  luminous  front 
of  the  spark  grows  parallel  to  the  laser  beam  at  about  5  x  10^  cm/sec.  A  DC  magnetic  field  of 
about  100  kgauss  produced  no  reduction  of  the  breakdown  electric  field,  in  agreement  with 
theoretical  estimates  that  diffusion  and  hence  magnetic  field  effects  are  negligible.  The  measured 
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breakdown  threshold  in  argon  as  a  function  of  pressure  (between  20  and  2000  psi)  agrees  with  that 
observed  by  Meyerand  and  Ilaught. 

A  pulsed  laser  dosimeter  has  been  developed  to  warn  of  dangerously  high  laser  energy  being 
reflected  from  surfaces  into  the  eye.  The  instrument  consists  of  a  commerically  available 
gamma-ray  detector,  used  as  an  electrometer,  which  is  connected  in  parallel  with  a  phototube. 
Wlien  the  dosimeter  is  held  to  the  eye  and  is  pointed  at  the  illuminated  surface,  the  meter  reads 
according  to  the  amount  of  photocurrent  produced  by  the  incident  laser  light.  The  safety  level 
was  set  by  clinical  data  on  the  critical  energy  density  for  retinal  damage  by  spiking  ruby  lasers 
with  total  pulse  widths  of  175  |jLsec. 

Experimental  results  have  been  obtained  on  the  statistics  of  the  photoelectron  counts  of 

o 

photomultipliers  illuminated  by  laser  light  at  6328  A,  both  above  and  below  oscillation  threshold. 
These  results  indicate  that  the  mean-square  fluctuations  of  a  laser  oscillating  in  a  single  mode 
are  those  of  a  Poisson  distribution,  while  the  fluctuations  of  the  noise  below  oscillation  Ihrc.sh- 
old  are  those  of  a  few  narrow-band  Gaussian-distributed  oscillators.  The  experimental  curves 
for  the  mean-square  fluctuations  as  functions  of  the  observation  time  have  yielded  estimates  for 
the  depth  of  modulation  of  the  laser  output. 

Laser  oscillation  at  2.02  microns  in  pure  xenon  has  been  observed  in  a  20-cm  triode  gas 
laser  tube.  A  gain  of  50  percent  per  meter  was  measured.  The  triode  structure  provides  an 
approximately  mono-energetic  electron  current  which  should  produce  population  inversion 
more  efficiently  than  a  discharge  current.  Feasibility  of  a  crossed  electron  and  atom  beam 
high-gain  laser  experiment  is  being  determined  by  how  low  an  atom  density  will  still  sustain 
oscillation. 

Experiments  in  which  attempts  have  been  made  to  produce  laser  oscillation  in  a  mercury- 

o 

molecule  vapor  system  show  promise  of  output  powers  at  about  5000  A  in  the  kilowatt  range. 

It  is  believed  that  the  rapid  emptying  of  the  lower  state  by  dissociation  yields  population  inver¬ 
sion  during  pulsed  operation  at  nearly  atmospheric  pressure.  Power  saturation,  it  is  estimated, 
would  occur  at  about  l-Mw  output  power. 


III.  MATERIALS  RESEARCH 

It  has  been  found  that  the  power  output  of  an  RF  generator  can  be  conveniently  measured 
by  determining  the  equilibrium  temperature  of  a  black-body  load  with  an  optical  pyrometer  and 
by  using  the  black-body  formula  to  obtain  the  power  radiated  by  the  load.  Graphite  is  an 
excellent  dummy  load  for  studying  the  output  of  generators  to  such  relatively  high-resistivity 
loads  as  plasmas  and  semiconductors.  The  pyrometer  method  has  been  used  to  determine  the 
coupling  efficiency  of  a  generator  as  a  function  of  the  ratio  of  load  diameter  to  coil  diameter. 

Analysis  of  crystal  growth  from  the  vapor  shows  that  constitutional  supercooling,  which 
results  in  instability  of  the  growth  interface,  can  occur  in  the  gas  phase  as  well  as  in  a  melt. 
The  analysis  yields  an  expression  for  the  maximum  rate  of  growth  from  the  vapor  (v  )  which 
is  f)ossible  without  constitutional  supercooling.  Evidence  for  constitutional  supercooling  has 
been  obtained  in  experiments  on  the  growth  of  iodine  by  forced  convection.  At  sufficiently  low 
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growth  rates  the  interface  is  smooth,  but  it  becomes  rough  when  the  growth  rate  exceeds  a  value 
close  to  the  calculated  value  of  v 

max 

The  temperature  dependence  of  the  Seebeck  coefficient  and  resistivity  have  been  measured 
for  polycrystalline  samples  of  CrO^  and  CrC)2_|.y,  and  for  single  crystals  of  Cr^O^  and  MnO. 

A  molecular  orbital  energy  diagram  is  proposed  for  CrO^  which  accounts  for  the  ferromagnetism 
and  metallic  conductivity  of  this  compound.  An  energy  diagram  is  also  proposed  for  Cr^O^. 
According  to  this  diagram,  Cr^O^  is  expected  to  be  a  semiconductor  with  hopping-electron 
conductivity.  The  observed  electrical  properties  are  consistent  with  this  prediction. 

The  heat  of  transformation  for  the  cv-/3  transition  in  Ag^Se  has  been  calculated  by  applica¬ 
tion  of  the  thermodynamic  relation  (dT/dP)  =  TAV/AH  to  previous  data  for  the  pressure  depend¬ 
ence  of  the  transition  temperature.  The  value  obtained  is  2. 56  keal/mole,  which  is  in  fairly  good 
agreement  with  the  value  of  2.19  kcal/mole  measured  with  a  differential  scanning  calorimeter. 

The  temperature  dependence  of  the  rate  at  which  cubic  PrO^  ^  is  transformed  into  the  stable 
hexagonal  form  has  been  investigated  by  annealing  carefully  dried  samples  of  the  cubic  phase  in 
a  high-temperature  x-ray  diffraction  camera.  The  results  are  consistent  with  previous  data, 
obtained  by  x-ray  diffraction  measurements  at  room  temperature  of  samples  that  had  been 
annealed  and  then  quenched,  which  show  that  in  the  range  800®  to  850  ®C  the  transformation  rate 
rapidly  increases  to  high  values. 

The  high-pressure  tetragonal  phase  of  InSb  (lnSbj.j.)  and  solid  solutions  of  InSb^j-Sn  prepared 
at  high  pressure  can  be  retained  as  metastable  phases  at  atmospheric  pressure  by  cooling  them 
to  77  ®K  before  the  high  pressure  is  removed.  Resistivity  measurements  made  as  the  tempera¬ 
ture  slowly  increases  above  77  ®K  have  been  used  to  study  the  temperature  dependence  of  the 
rates  at  which  InSbjj  and  the  solid  solutions  are  transformed  into  the  zincblende  phase  (InSb^) 
stable  at  atmospheric  pressure  and  into  two-phase  mixtures  of  InSb^  and  tin,  respectively.  Rapid 
transformation  occurs  for  InSb  at  about  200 and  for  the  solid  solutions  at  higher  temperatures, 
which  increase  with  increasing  tin  content. 

The  room  temperature  resistance  R  of  Cd^Hg^  ^Te  samples  with  x  between  0  and  0.20 
has  been  measured  as  a  function  of  pressure  up  to  70kbar.  For  HgTe,  R  increases  abruptly 
by  four  orders  of  magnitude  at  about  15  kbar  due  to  a  phase  transformation  from  zincblende  to 
cinnabar  structure.  Similar  but  smaller  increases  are  observed  at  somewhat  higher  pressures 
in  the  samples  containing  cadmium,  presumably  because  of  the  same  transformation.  Relow 
the  transformation  pressure,  there  are  significant  changes  in  R  which  are  probably  due  prima¬ 
rily  to  the  effect  of  pressure  on  the  band  structure. 

The  partial  pressures  of  Cd(g)  and  Te2(g)  in  equilibrium  with  congruently  subliming  CdTe(e) 
betw'een  780  ®  and  939  ®C  have  been  determined  by  measuring  the  optical  density  of  the  vapor 

o 

between  2000  and  6000  A  with  a  double-beam  spectrophotometer.  The  partial  pressures  are 
given  by  logp.^^^  (atmospheres)  =  —(1,00  X  10'^)/t  +  6.346  and  p^^  =  2p^^  .  The  expression  for 
the  Gibbs  free  energy  of  formation  calculated  from  these  equations  is  in  good  agreement  with  the 
results  of  electrochemical  and  effusion  experiments  at  lower  temperatures. 

Manganese  in  MnO  and  cobalt  in  CoO  have  been  determined  by  automatic  potentiometrie 
EDTA  titrations.  Automatic  titration  methods  are  being  developed  for  the  determination  of 
indium,  antimony,  and  tellurium  in  samples  containing  these  three  elements  as  the  major 
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constituents.  Satisfactory  results  have  been  obtained  so  far  in  analyses  on  samples  weighing 
O.Sgram  or  more. 


IV.  BAND  STRUCTURE  AND  SPECTROSCOPY  OF  SOLIDS 

Several  new  observations  have  been  made  in  the  magnetospectroscopic  investigations  of 
various  materials.  Reststrahlen  reflection  has  been  observed  from  the  surface  of  llgTe  at  low 
temperatures.  From  these  data  one  obtains  values  for  the  lattice  absorption  frequency,  the 
high-frequency  dielectric  constant,  and  the  effective  charge  which  are  -  3.45  X  10^  ,  14, 

and  q'^  =  0.6e,  r’esi)ectively .  The  data  also  show  a  broad  absorption  band  in  the  same  region 
which  may  be  due  to  an  interband  transition. 

The  magneto-optical  reflectivity  data  fr'om  another  semimetal,  antimony,  has  also  proved 
interesting.  Two  types  of  magnetic  behavior  were  observed;  (1)  a  large  magnetoplasma  effect 
and  (2)  an  oscillatory  term  in  the  reflectivity,  smaller  in  magnitude  than  the  magnetoplasma 
effect,  but  in  the  same  photon  energy  region.  The  oscillatory  term,  w'hich  arises  from  the 
dellaas-Shubnikov  mechanism,  leads  to  results  in  good  agreement  with  other  determinations 
of  the  periods  along  the  single-crystal  axes.  The  features  of  the  oscillatory  term  can  be 
understood  on  the  basis  of  a  simple  parabolic  conduction  band.  It  is  believed  that  this  effect 
has  not  previously  been  observed  experimentally. 

The  indirect  transition  in  germanium  has  been  re-examined  using  improved  measurement 
techniques,  higher  magnetic  fields  and  the  Faraday  configuration.  Magneto-absorption  data  as 
a  function  of  wavelength  show  transitions  from  the  valence  band  edge  to  the  electronic  Landau 
ladders  in  the  conduction  band.  Superimpe^sed  on  these  large  intensity  effects  is  a  fine  structure 
due  to  hole  ladders  in  the  valence  band.  In  addition,  a  spin  splitting  in  the  conduction  band 
was  observed  corresponding  to  electronic  g-factors  of  1.8  and  1.5  in  the  [100]  and  [110]  orienta¬ 
tions,  respectively.  These  are  in  agreement  with  the  theoretical  predictions.  The  Zeeman 
splitting  of  the  indirect  exciton  was  also  observed  for  various  orientations.  This  effect  has 
been  measured  in  magnetic  fields  sufficiently  high  (at  the  National  Magnet  Laboratory,  M.l.T.) 
so  that  the  magnetic  energy  is  much  greater  than  the  electric  energ>'  of  the  exciton,  and  a  linear 
behavior  is  observed.  It  will  be  necessary  to  extend  the  theory  to  the  high  -  magnetic-field 
region  to  compare  with  the  experimental  data. 

Measurements  in  the  ultraviolet  of  the  reflectivity  of  Mg^Ge  show  spectral  structure  in  the 
region  between  2.5  and  1  1  ev.  Since  the  available  band  structure  calculation  is  limited  in 
accuracy,  positive  identification  of  the  spectral  peaks  is  not  possible  at  present.  It  is  expected 
that  measurements  on  Mg^Si  will  make  identification  easier. 

Galvanomagnetic  measurements  on  HgTe  have  been  initiated.  Rotational  measurements  of 
the  magnetoresistance,  with  magnetic  field  perpendicular  to  the  current,  indicated  little  if  any 
anisotropy.  In  measurements  of  the  magnetic  field  dependence  of  the  magnetoresistance  and 
Hall  effects,  several  interesting  effects  were  observed  which  are  incompatible  with  a  one-band 
model  of  the  material.  However,  the  experimental  results  are  consistent  with  mixed  electron 
and  hole  conduction.  The  data  are  additional  evidence  for  the  semimetal  band  model  of  HgTe. 
Measurements  and  calculations  are  being  continued. 
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A  general  theory  for  the  Seebeck  coefficient  tensor  in  a  magnetic  field  has  been  developed 
in  terms  of  symmetry  properties.  Tables  providing  easy  access  to  the  results  of  the  theory 
including  the  spatial  symmetry  properties  are  being  prepared.  These  results  have  been  useful 
in  understanding  the  galvano-thermomagnetic  properties  of  bismuth. 


V.  MAGNETISM  AND  RESONANCE 

Our  present  program  includes  work  on  three  classes  of  electrons  found  in  solids:  broad¬ 
band  electrons,  narrow-band  electrons,  and  localized  electrons. 

Experimental  studies  on  narrow-band  electrons  have  been  hindered  by  a  failure  to  know  what 
type  of  material  to  study.  VVe  have  shown  that  there  are  three  classes  of  transition-metal 
compounds  whose  physical  properties  are  dominated  by  narrow-band  electrons,  and  that  all 
three  classes  can  be  found  among  transition-metal  oxides.  Primarily  ionic  compounds  which 
have  a  cation-cation  separation  so  small  that  a  cation-sublattice  d-band  is  formed  are  illustrated 
by  high-temperature  VO  or  V^O^.  Covalent  compounds  having  partially  filled  bands  are 
illustrated  by  the  bronzes  Na^WO^  or  by  metallic  ReO^.  Covalent  compounds  having  partially 
filled  a*  bands  are  illustrated  by  metallic  LaNiO^.  High-temperature  VO^  contains  electrons 
in  overlapping  cation-sublattice  and  tt^  bands.  In  order  to  demonstrate  the  validity  of  this 
explanation  of  the  metallic  properties  of  Na^VVO^  as  against  the  two  proposals  extant  in  the 
literature,  pure  ReO^  and  ordered  SrMg^  have  been  prepared  and  shown  to  be  metallic 

and  semiconducting,  respectively. 

In  order  to  study  the  transport  properties  of  the  vanadium  spinels,  which  illustrate  primarily 
ionic  compounds  having  a  eation-eation  separation  near  the  critical  separation  for  collcctive- 
cleetron  vs  loealizcd-electron  behavior,  a  method  has  been  developed  for  the  preparation  of 
single  crystals  of  controlled  chemistry. 

The  band  structure  of  PbSe  is  being  investigated  by  cyclotron  resonance.  A  resonance 
has  been  observed  in  p-type  material  at  70  Geps  and  4.Z°K. 

A  theoretical  study  of  the  six-membered  hydrogen  ring  has  led  to  a  one-parameter  formula¬ 
tion  of  the  electronic  wave  functions  that  i-educes,  for  one  limit  of  the  parameter,  to  the 
moleeular-orbital  formalism  applicable  at  very  small  internuclear  distances  and,  for  the  other 
limit,  to  atomic  Wannier  orbitals  with  near-neighbor  spins  correlated  antiparallel,  which  is  the 
correct  boundary  condition  for  large  separations.  A  high  degree  of  symmetry  makes  calculation 
relatively  simple,  and  the  calculated  binding  energies  were  better  for  all  separations  than  those 
obtained  by  an  alternant-moleeular-orbital  calculation.  The  method  can  be  extended  to  three- 
dimensional  lattices  containing  two  sublattiees. 

The  complex  spin  configurations  of  the  rare-earth  metals  can  be  derived  from  a  Hamiltonian 
that  includes  a  Ruderman-Kittel  exchange  interaction  and  magnetic  anisotropy.  Exchange 
strietion  has  been  added  to  the  Hamiltonian,  and  it  is  shown  that  below  the  Curie  temperature 
there  should  be  an  observable  sinusoidal  variation  in  the  c-axis  spacing  of  the  linear  and  the 
high-temperature  magnetic  phase  of  erbium. 

Spin- wave  resonance  provides  an  important  check  on  the  theory  of  magnetic  exchange  inter¬ 
actions.  In  order  to  examine  some  new  exchange  effects  and  to  obtain  the  greater  accuracy  that 
will  be  required,  this  technique  has  been  extended  from  10  to  70Gcps. 
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Magnetic  susceptibility  of  the  compound  MnAs^  ^  indicates  that  with  decreasing 
temperature  there  is  spin  quenching  over  the  120  ®C  temperature  interval  below  the 
transition  temperature. 

The  Jahn-Teller  Mn^^  ion  has  been  shown  to  be  unique  in  its  destruction  of  long-range  ionic 
ordering  in  Li^  5^2  5^3  spinels. 

Spin-resonance  observations  in  CoCr^O^  have  been  extended  to  315Gcps.  The  spectrum  as 
a  function  of  temperature  shows  a  behavior  that  extrapolates  smoothly  from  lower  frequency 
data.  Although  CoCr^O^  and  MnCr^O^  have  complex-spiral  spin  configurations,  neutron  diffraction 
and  high-field  studies  reveal  that  MnCr^S^  has  a  collinear  Neel  configuration  with  a 
rather  than  a  spin-only  5|a.j^  and  a  Cr-Cr  interaction  that  is  ferromagnetic  rather  than  antiferro¬ 
magnetic. 

A  calculation  of  the  first-order  effect  of  spin-orbit  coupling  on  a  3d^  unperturbed  S-state 
ion  in  a  cubic  crystal  field  has  given  a  new  anisotropy  contribution  to  the  spin  density.  In 
O'  —  Fc^O^,  this  new  term  is  the  same  order  of  magnitude  as  the  spherical  Dzialoshinsky  term 
that  contributes  to  the  parasitic  ferromagnetism.  This  term  plus  the  Dzialoshinsky  term  can 
account  for  the  highly  aspherical  ferromagnetic  spin-density  distribution  found  in  recent 
neutron-diffraction  work. 

The  temperature  dependence  of  attenuation  of  70-Gcps  phonons  in  quartz  has  been  determined. 
Attenuation  measurements,  made  chiefly  on  the  first  echo,  have  led  to  a  fourth-power  dependence 
with  temperature. 


7 


1 


Security  Classification 


DOCUMENT  CONTROL  DATA  •  R&D 

(Security  cim99ifiemtion  ol  body  oi  abatraet  and  indoxing  annotation  mumt  ba  antarad  when  dta  ovaratl  raport  ia  ciaaai/iadj 


1.  ORIGINATING  ACTIVITY  (Comprata  author) 

UNCOIW  lABORATORT  /  M.I.T. 
LEmCTOlI,  MASS. 


2a.  REPORT  SECURITY  CLASSIFICATION 

imCIASSIFIQ) 

— H/k - 


2b  CROUP 


3.  REPORT  TITLE 

SOIID  STATE 


4-  descriptive  notes  (Typa  of  raport  and  inc/uaiva  dataa) 

QUARTERLT  PKOQBESS  REPORT  -  1  April  -  30  JtBiB  1961* 


5-  AUTHORfS^  (Laat  nama,  firat  nama,  initial) 


6.  REPORT  DATE 

15  JuOy  1961* 

7«.  total  no.  of  pages 

18 

7b.  NO.  OF  REFS 

0 

e«.  CONTRACT  OR  GRANT  NO. 

AF  19(628)-500 

b.  PROJECT  NO. 

9«.  ORIGINATOR'S  REPORT  NUMBCRCSJ 

c. 

d. 

9b.  OTHER  REPORT  NOC^J  (A ny  othar  numbara  that  may  ba  aaaignad 
ihia  reporU  ..  , 

iSD-TDR-61*-3l*9 

10.  AVA  IL  ABILITY/LIMITATION  NOTICES 

QUALIFIED  REaUETORS  MAT  OBTAIN  HS  REPORT  FROM  DDC. 

OTS  RELEASE  AUI90REZS) 

11.  SUPPLEMENTARY  NOTES 

1*.  ^ON^gNQ  MH-ITARY  ACTIVITY 

L.  0.  HAMSCOM  FIELD 

BEDFORD,  MASS.  01731 

13-  ABSTRACT 

-  - 

This  abbreviated  report  covers  the  work  of  Division  8  frea  April  1961*  through 
30  June  1961**  A  oore  detailed  presentation  is  covered  b7  the  Solid  State 
Research  Report  for  the  sans  period. 


$ 


DD  1473 


Security  Classification 


Security  Classification 


14- 


KEY  WORDS 


LINK  A 


ROLE 


LINK  B 


LINK  C 


SOHD  STATE  RESEARCH 
LASER  RESEARCH 
MATEEEAIS  RESEARCH 
BAUD  STRUCTURE 
SPECTROSCOPI  OF  SOLIDS 
M&£aiEnsM 
RESONAIICE 


INSTRUCTIONS 


I.  ORIGINATING  ACTIVITY;  Enter  the  name  and  address 
of  the  contractor,  subcontractor,  grantee.  Department  of  De¬ 
fense  activity  or  other  organization  (corporate  author)  Issuing 
the  report. 

2a,  REPORT  SECURITY  CLASSIFICATION:  Enter  the  ovei^ 
all  security  classification  of  the  report.  Indicate  whether 
''Restricted  Data"  is  included.  Marking  Is  to  be  in  accord¬ 
ance  with  appropriate  security  regulations. 

2b.  GROUP:  Automatic  downgrading  is  specified  in  DoD  Di¬ 
rective  5200.10  and  Armed  Forces  Industrial  Manual.  Enter 
the  group  number.  Also,  when  applicable,  show  that  optional 
markings  have  been  used  for  Group  3  and  Group  4  as  author¬ 
ized. 

3.  REPORT  TITLE:  Enter  the  complete  report  title  in  all 
capital  letters.  Titles  in  all  casea  should  be  unclassified. 

If  a  meaningful  title  cannot  be  selected  without  classifica¬ 
tion,  show  title  classification  in  all  capitals  in  parenthesis 
immediately  following  the  title. 

4.  DESCRIPTIVE  NOTES:  If  appropriate,  enter  the  type  of 
report,  e. g.,  interim,  progress,  summary,  annual,  or  final. 

Give  the  inclusive  dates  when  a  specific  reporting  period  is 
covered. 

5.  AUTIK>R(S):  Enter  the  name(s)  of  author(s)  as  shown  on 
or  in  the  report.  Entei  last  name,  first  name,  middle  initial. 

If  military,  show  rank  and  branch  of  service.  The  name  of 
the  principal  author  is  an  absolute  minimum  requirement 

6.  REPORT  DATI^  Enter  the  date  of  the  report  as  day, 
month,  year,  or  month,  year.  If  more  than  one  date  appears 
on  the  report,  use  date  of  publication. 

7a.  TOTAL  NUMBER  OF  PAGES:  The  total  page  count 
should  follow  normal  pagination  procedures,  i.  e.,  enter  the 
number  of  pages  containing  information. 

7b.  NUMBER  OF  REFERENCES:  Enter  the  total  number  of 
references  cited  in  the  report. 

8a.  CONTRACT  OR  GRANT  NUMBER:  If  appropriate,  enter 
the  applicable  number  of  the  contract  or  grant  under  which 
the  report  was  written. 

8b,  8c,  &  8d.  PROJECT  NUMBER;  Enter  the  appropriate 
military  department  identification,  such  as  project  number, 
subproject  number,  system  numbers,  task  number,  etc. 

9a.  ORIGINATOR'S  REPORT  NUMBER(S):  Enter  the  offi¬ 
cial  report  number  by  which  the  document  will  be  identified 
and  controlled  by  the  originating  activity.  This  number  must 
be  unique  to  this  report. 

9b.  OTHER  REPORT  NUMBER(S):  If  the  report  has  been 
assigned  any  other  report  numbers  (either  by  the  originator 
or  by  the  sponsor),  also  enter  this  number(s). 

10.  AVAILABILITY/LIMITATION  NOTICES:  Enter  any  lim¬ 
itations  on  further  dissemination  of  the  report,  other  than  those 


imposed  by  security  classification,  uaing  standard  statements 
auch  as: 

(1)  "Qualified  requesters  may  obtain  copies  of  this 
report  from  DDC" 

(2)  "Foreign  announcement  and  dissemination  of  this 
report  by  DDC  is  not  authorized." 

(3)  "U.  S.  Government  agencies  may  obtain  copies  of 
this  report  directly  from  DDC.  Other  qualified  DDC 
users  ahall  request  through 

ft 


(4)  "U.  S.  military  agencies  may  obtain  copies  of  thia 
report  directly  from  DDC.  Other  qualified  users 
ahall  request  through 

tf 

(5)  "All  distribution  of  thia  report  is  controlled.  Qual¬ 
ified  DDC  users  shall  request  through 

If  the  report  has  been  furnished  to  the  Office  of  Technical 
Services,  Department  of  Commerce,  for  aale  to  the  public,  indi¬ 
cate  this  fact  and  enter  the  price,  if  known. 

IL  SUPPLEMENTARY  NOTE^:  Use  for  additional  explana¬ 
tory  notes. 

12.  SPONSORING  MILITARY  ACTIVITY:  Enter  the  name  of 
the  departmental  project  office  or  laboratory  sponsoring  (pay¬ 
ing  for^  the  research  and  development.  Include  address. 

13.  ATTRACT:  Enter  an  abstract  giving  a  brief  and  factual 
summary  of  the  document  indicative  of  the  report,  even  though 
it  may  also  appear  elsewhere  in  the  body  of  the  technical  re¬ 
port.  If  additional  space  is  required,  a  continuation  sheet  shall* 
be  attached. 

It  is  highly  desirable  that  the  abstract  of  classified  reports 
be  unclassified.  Each  paragraph  of  the  abstract  shall  end  with 
an  indication  of  the  military  security  classification  of  the  in¬ 
formation  in  the  paragraph,  represented  as  (TS),  (S),  (C),  or  (U). 

There  is  no  limitation  on  the  length  of  the  abstract.  How¬ 
ever,  the  suggested  length  is  from  150  to  225  words. 
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14.  KEY  WORDS:  Key  words  are  technically  meaningful  terms 
or  short  phrases  that  characterize  a  report  and  may  be  used  as 
index  entries  for  cataloging  the  report.  Key  words  must  be 
selected  so  that  no  security  classification  is  required.  Identi¬ 
fiers,  such  as  equipment  model  designation,  trade  name,  military 
project  code  name,  geographic  location,  may  be  used  as  key 
words  but  will  be  followed  by  an  indication  of  technical  con¬ 
text.  The  assignment  of  linUcs,  rules,  and  weights  is  optional. 
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